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Irisin Regulates the Functions of Hepatic Stellate Cells
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Background: Hepatic stellate cells (HSCs) are known to play a fundamental role in the progression of liver fibrosis. Once HSCs are
activated, they are involved in proliferation, migration, and contractility which are characteristics of liver fibrogenesis. Recent stud-
ies have shown that irisin, a myokine secreted during physical exercise, has a protective effect in various metabolic diseases, espe-
cially in renal fibrosis. However, whether irisin is involved in HSC activation and other processes associated with liver fibrosis has
not yet been investigated. In this study, we reveal the role of irisin in HSC activation as well as in proliferation, migration, and con-
tractile properties of HSC:s in vitro.

Methods: LX-2 cells, immortalized human HSCs, were treated with transforming growth factor beta 1 (TGF-f1), a core regulator of
HSC fibrosis, with or without irisin, and markers of the aforementioned processes were analyzed. Further, an inflammatory response
was stimulated with TGF-B1 and lipopolysaccharide (LPS) in combination with irisin and the expression of cytokines was measured.
Results: Recombinant irisin significantly suppressed the expression of TGF-p1-stimulated fibrosis markers including alpha-smooth
muscle actin and collagen type 1 alpha 1 and prevented the TGF-B1-induced proliferation, migration, and contractility of LX-2 cells.
Additionally, irisin ameliorated the production of interleukin-6 (IL-6) and IL-1p induced by TGF-B1 and LPS treatments.
Conclusion: These findings suggested that irisin potently improved the progression of hepatic fibrosis by regulating HSC activation,
proliferation, migration, contractility, and HSC-mediated production of inflammatory cytokine.
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ty, and drugs [5].
Transforming growth factor beta 1 (TGF-B1) is a well-known
pro-fibrogenic cytokine, which is responsible for HSC trans-

INTRODUCTION

Hepatic stellate cells (HSCs), that account for 5% to 15% of the

total cells in the normal liver have several physiological func-
tions including storage of vitamin A and production of extracel-
lular matrix (ECM) components [1,2]. During liver injury,
HSCs undergo transformation from a quiescent state to an acti-
vated state, in which they undergo proliferation, fibrogenesis,
and contractility [3,4]. HSCs play a significant role in the devel-
opment of liver fibrosis, a consequence of wound healing re-
sponse to various diseases associated with viruses, autoimmuni-

differentiation through the SMAD-and non-SMAD-dependent
pathway during their initial stages of activation [6]. Further,
TGF-B1 enhances ECM production and collagen synthesis by
HSCs [7,8].

Irisin, a cleaved and secreted fragment from fibronectin type
[T domain-containing protein 5 (FNDC5), is a myokine re-
leased mainly from skeletal muscle into circulation in response
to physical exercise [9]. Liver and adipose tissue are other
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sources of irisin synthesis and secretion on a smaller scale [10].
Initially, irisin was found to enhance browning subcutaneous
adipose tissue cells by stimulating uncoupling protein 1 expres-
sion, thus its primary role is to increase thermogenesis and ener-
gy expenditure [11]. Subsequent studies have shown the posi-
tive association of irisin with metabolic diseases including obe-
sity, type 2 diabetes mellitus (T2DM), metabolic (dysfunction)
associated fatty liver disease (MAFLD) [12], lipid metabolism,
and cardiovascular disease [13]. In an obese mouse model stim-
ulated by high-fat diet, overexpression of FNDCS5 remarkably
improved glucose/lipid metabolism as well as insulin resistance
[14]. In glucose homeostasis, although the relationship between
the levels of irisin and the pathogenesis of T2DM remains con-
troversial (which results from the inaccurate methods and re-
ported investigations), irisin was reported to be a potential regu-
lator of glucose metabolism [15].

In damaged kidneys, irisin was found to play the role of a me-
diator of the process in which overexpression of peroxisome
proliferator-activated receptor gamma coactivator 1-alpha sub-
sequently resulted in the suppression of reprogramming and fi-
brosis [16]. However, to the best of our knowledge, the role of
irisin in HSC activation during liver fibrogenesis remains un-
clear. In this study, we aimed to investigate whether irisin regu-
lated fibrogenic progression in vitro. TGF-B1 and lipopolysac-
charide (LPS) were used to activate LX-2 cells and the effect of
the co-treatment with irisin was evaluated by measuring the ex-
pression of protein markers of several important processes relat-
ed to fibrosis.

METHODS

Materials

The reagents used in the study were obtained from the indicated
suppliers: TGF-B1 from Bio-Techne (Minneapolis, MN, USA);
irisin from Cayman Chemical (Ann arbor, MI, USA); LPS from
Sigma (St. Louis, MO, USA), antibodies against a-smooth
muscle actin (a-SMA) from Abcam (Cambridge, England), col-
lagen type 1 alpha 1 (COL1A1) from Sigma-Aldrich (St. Louis,
MO, USA), interleukin-6 (IL-6) from Santa Cruz Biotechnolo-
gy (Santa Cruz, CA, USA), glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) from GeneTex (Irvine, CA, USA);
cleaved-poly (ADP-ribose) polymerase (PARP), PARP, phos-
phorylated myosin light chain 2 (p-MLC 2), total myosin light
chain 2 (t-MLC 2), and IL-1f from Cell Signaling Technology
(Danvers, MA, USA); all other materials were obtained from

Sigma.
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Cell culture

LX-2 cells, immortalized human HSCs, were kindly provided
by Prof. Ja June Jang of Seoul National University, Korea. The
cells were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) containing 100 mL/L fetal bovine serum with 100,000
U/L penicillin and 100 mg/L streptomycin and cultured at 37°C
in a 5% CO; incubator.

Proliferation assay

LX-2 cells were plated (5X10* cells/well) in a 24-well culture
dish and incubated at 37°C in a 5% CO; incubator for 24 hours.
Then the media was changed to DMEM without phenol red and
TGF-B1 or TGF-B1 plus irisin was added and the cells were in-
cubated further for 24 hours. A total of 50 uL of EZ-Cytox re-
agent (DoGen, Seoul, Korea) was added to each well and the
dishes were incubated for 1 hour. The plate was shaken gently
for 1 minute and the absorbance was measured at 450 nm using
a plate reader.

Migration assay

LX-2 cells were plated (5x10° cells/well) in 6-well plates.
When the cell reached 90% confluence, 1 mg/L mitomycin C
was added and the cells were incubated for 1 hour. After making
an injury line with a yellow tip, the cell monolayer was washed
with phosphate buffered saline. Then the cells were incubated
for 6 hours with TGF-B1 or TGF-B1 plus irisin in culture medi-
um. Cell migration was observed using microscopy and the
changes in the width of the injury lines indicated the distance of
migration.

Western blot analyses

Cells were plated (3X 10° cells/well) in a 6-well culture dish and
incubated at 37°C in a 5% CO; incubator for 24 hours. Then the
medium was replaced with medium containing TGF-B1 or
TGF-B1 plus irisin and cultures were incubated further for 24
hours. Cell lysates were prepared using RIPA buffer (ATTA
Corporation, Tokyo, Japan) containing phosphatases and prote-
ase inhibitors (ATTA Corporation), followed by quantitation of
the proteins with a bicinchoninic acid protein assay kit (Thermo
Scientific, Rockford, IL, USA). The mixture of proteins from
the cell lysate were separated using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) before being
transferred to a polyvinylidene fluoride membrane (Millipore,
Bedford, MA, USA). Non-fat dry milk (5%) in 1X Tris-buffered
saline containing 0.5% Tween-20 was used to block the non-
specific binding sites on the membranes for 1 hour at room tem-
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perature, then the membranes were incubated with primary anti-
bodies at 4°C overnight or for 48 hours. The membranes were
then incubated with the appropriate horseradish peroxidase-
conjugated secondary antibodies at room temperature for 80
minutes. Images were taken using a Bio-Rad Chemidoc XRS
system (Bio-Rad Laboratories Inc., Hercules, CA, USA) after
exposing the membrane to WestGlow PICO PLUS chemilumi-
nescent substrate (Biomax, Seoul, Korea). Image J program
version 1.4.3.67 (National Institute of Health [NIH], Bethesda,
MD, USA) was used to calculate the intensity of the bands.

Cell contraction assay

LX-2 cells were cultured and trypsinized to prepare a cell sus-
pension (10° cells/mL). The cell suspension was mixed with
cold collagen gel working solution (ratio 1:4) and 0.5 mL of the
mix was added to a 24-well plate. The plate was incubated at
37°C for 1 hour for complete collagen polymerization before
adding 1 mL of culture medium over each gel layer. The
stressed matrix was developed for 24 hours by keeping the cells
in an incubator. The medium was replaced with fresh culture
medium with TGF-B1 or TGF-B1 with irisin and the collagen
gels were gently released from the sides of the culture dishes to
start the contraction. The diameters of gel contraction were
measured using microscopy and used for acreage calculation.

Enzyme-linked immunosorbent assay

Following the treatment of cells with TGF-B1 or TGF-B1 plus
irisin, the media were collected and kept in the freezer before
use. The amounts of IL-6 in were determined in the supernatant
in different samples using a KOMA enzyme-linked immunosor-
bent assay (ELISA) KIT (Komabiotech, Seoul, Korea), follow-
ing the manufacturer’s protocol. Briefly, the plate was coated
with the conditioned media for 2 hours, followed by incubation
for 2 hours with the detection antibody. The medium was re-
placed with streptavidin-conjugated horseradish peroxidase and
the plate was incubated for 30 minutes. 3,3",5,5 -Tetramethyl-
benzidine solution was used for an appropriate time for color
development before adding the stop solution. The optical densi-
ty was measured at 450 nm using a microplate reader. The stan-
dard range of human IL-6 according to the ELISA kit was 7.8 to
500 pg/mL.

Statistical analysis

Data are presented as mean=standard error of the mean (SEM)
of three or more independent experiments. Differences between
the treatment groups were evaluated using the Student’s ¢ test
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with Microsoft Excel version 14.0.7214.5000 (32 bit). Differ-
ences were considered significant when P<0.05.

RESULTS

Irisin abolishes hepatic stellate cell activation

To investigate the role of irisin in HSC activation, LX-2 cells
were activated for 24 hours with 6 ng/mL TGF-f1 and co-treat-
ed with 100 nM irisin. The protein level of fibrogenesis markers
like a-SMA, COL1A1, and the housekeeping gene GAPDH
were measured by Western blotting. TGF-B1 treatment markedly
increased the protein level of a-SMA, COL1AL1, and co-treat-
ment with irisin significantly reduced these levels (Fig. 1A).

Irisin attenuates migration of activated HSCs

Migration is a fundamental feature of activated HSCs and is in-
fluenced by TGF-B1 through various pathways [17]. To clarify
whether irisin affects this process, we treated LX-2 cells with
TGF-B1 or combination of TGF-B1 and irisin, followed by
wound healing assay. Migration of the TGF-$1-activated LX-2
cells decreased after co-culturing for 6 hours with 6 ng/mL of
TGF-1 and irisin (100 nM) (Fig. 1B).

Irisin reduces contractility of activated HSCs

We investigated whether irisin affects contractile property using
gel contractility assay and confirmed the effect using Western
blotting. In the gel contractility assay, TGF-B1 significantly en-
hanced the contraction rate of LX-2 cells after 24 hours of treat-
ment, which was reversed by irisin (Fig. 2A). In Western blot-
ting, the ratio of the active and total forms of the contractile reg-
ulatory protein, myosin light chain 2, was found to be lower in
the TGF-B1 and irisin co-treatment group in comparison with
the only TGF-B1 treatment group (Fig. 2B).

Irisin reduces proliferation but is not involved in cell
apoptosis of activated HSCs

As shown in Fig. 3A, TGF-B1 enhanced the proliferation of
LX-2 cells after 24 hours of treatment which was attenuated by
irisin. To identify the underlying mechanism, we assessed the
level of the apoptotic markers levels using Western blotting. We
found that TGF-B1 maintained the survival of LX-2 cells evi-
denced by a reduction in the ratio of cleaved-PARP and PARP
compared to the control group. However, there was no statisti-
cally significant difference between TGF-B1 and TGF-B1 plus
irisin groups, which suggested that irisin was not involved in
this pathway (Fig. 3B).
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Fig. 1. Irisin abolishes hepatic stellate cell activation and migration. (A) LX-2 cells were stimulated with transforming growth factor beta 1
(TGF-B1; 6 ng/mL) or TGF-B1 plus irisin (100 nM) for 24 hours. Western blotting was conducted to measure the level of fibrogenesis pro-
teins, alpha-smooth muscle actin (a-SMA) and collagen type 1 alpha 1 (COL1AL1). Band intensities were measured using ImageJ software
(National Institutes of Health) and are plotted to the right of the membrane images. Protein levels were normalized to glyceraldehyde
3-phosphate dehydrogenase (GAPDH). (B) Wound healing migration assay was used to investigate the effect of irisin (100 nM) on the mi-
gration of LX-2 cells following 6 hours of co-treatment with TGF-B1 (6 ng/mL). *P<0.001; *P<0.01 vs. control; °P<0.05 vs. TGF-B1 only

treatment (mean = standard error of the mean, n=3).

Irisin attenuates TGF-p1-induced inflammatory cytokine
expression in HSCs

To determine the role of TGF-B1 and irisin in the production and
secretion of inflammatory cytokines (IL-6 and IL-1[3), Western
blot analysis and ELISA were performed using cell lysate and
culture medium, respectively following stimulation of the LX-2
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cells with 6 ng/mL TGF-B1 with or without 100 nM irisin for 24
hours. Western blot analysis of the cell lysates revealed that iri-
sin lowered the expression of IL-6 and IL-1p in the TGF-B1-
stimulated cells. ELISA revealed that the addition of irisin to
LX-2 cells suppressed of secretion of IL-6 into the culture me-
dium (Fig. 4A).

Copyright © 2020 Korean Endocrine Society
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Fig. 2. Irisin reduces the contractility of activated hepatic stellate cells. LX-2 cells were treated with transforming growth factor beta 1
(TGF-B1; 6 ng/mL) or TGF-B1 plus irisin (100 nM) for 24 hours. (A) Cell contraction assay was used to test contraction capability, (B)
Western blotting was used to analyze the ratio of the different forms of the contractile marker, phosphorylated myosin light chain 2 (p-MLC
2) and total myosin light chain 2 (t-MLC 2) in LX-2 lysates. Band intensities were measured using ImageJ software (National Institutes of
Health) and are plotted to the right of the membrane images. Protein levels were normalized with glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH). *P<0.01 vs. control; "P<0.01 vs. TGF-B1 only treatment (mean+ standard error of the mean, n=3); °P<0.05 vs. control.
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Fig. 3. Irisin inhibits proliferation of activated hepatic stellate cell but is not involved in the apoptotic pathway. LX-2 cells were treated with
transforming growth factor beta 1 (TGF-f1; 6 ng/mL) or TGF-B1 plus irisin (100 nM) for 24 hours. (A) Cell proliferation was measured us-
ing EZ-Cytox assay kit (DoGen). The optical density (OD) was measured at 450 nm. (B) Western blotting was used to analyze the apoptotic
markers, and poly (ADP-ribose) polymerase (PARP) and cleaved-PARP (cl-PARP). Band intensities were measured using ImagelJ software
(National Institutes of Health) and are plotted to the right of the membrane images. Protein levels were normalized to glyceraldehyde
3-phosphate dehydrogenase (GAPDH). *P<0.01 vs. control; "P<0.01 vs. TGF-B1 only treatment (mean + standard error of the mean [SEM],
n=6); °P<0.001 vs. control (mean+SEM, n=7).
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Fig. 4. Irisin attenuates transforming growth factor beta 1 (TGF-B1)- and lipopolysaccharide (LPS)-induced inflammatory cytokine expres-
sion in hepatic stellate cells. LX-2 cells were treated with (A) TGF-f1 (6 ng/mL) or (B) LPS (100 ng/mL) with recombinant of irisin (100
nM) for 24 hours. Western blotting was used to detect the expression of inflammatory cytokines, interleukin 6 (IL-6) and IL-1p in the cell
lysates. Band intensities were measured using ImagelJ software (National Institutes of Health) and are plotted to the right of the membrane
images. Protein levels were normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Enzyme-linked immunosorbent assay
(ELISA) was used to measure secretion of IL-6 in the cell culture medium. *P<0.05 vs. control; °P<0.05 vs. TGF-B1 only treatment
(meant standard error of the mean [SEM], n=7 for IL-6 and n=5 for IL-1B); °P<0.001 vs. control; P<0.05 vs. TGF-B1 only treatment
(mean®SEM, n=3); °P<0.01 vs. control; /P<0.05 vs. LPS only treatment (mean+SEM, n=3 for IL-1B, n=4 for IL-6); ¢P<0.05 vs. LPS
only treatment (mean®SEM, n=5).

Irisin ameliorates LPS-induced hepatic stellate cell sates. This trend in the change in IL-6 level in culture medium
activation and inflammatory cytokine expression following irisin treatment is confirmed using ELISA.

When stimulated with LPS for 24 hours, the expression of

0-SMA and COL1A1 increases in LX-2 and the addition of 100  DISCUSSION

nM irisin reduces the protein expression (data not shown). As

shown in Fig. 4B, treatment with recombinant irisin reduced the =~ During hepatic injury, the activation of HSCs results in the dis-
LPS-induced expression of both IL-6 and IL-1f in the cell ly-  ruption of the liver cytoarchitecture finally causing cirrhosis and
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liver failure [18]. Therefore, targeting the HSC-mediated re-
sponses in the injured liver are potential anti-fibrotic therapeutic
strategies [19].

The results in this study confirmed the effect of TGF-f1 (at
the concentration of 6 ng/mL) on the trans-differentiation of
HSCs. During TGF-B1 treatment for 24 hours, LX-2 cells un-
dergo activation, which is evidenced by higher expression of
a-SMA and COL1A1 proteins. An increase in the contractile
proteins such as a-SMA in early stages of fibrosis leads to cellu-
lar contractility, and TGF-B1 was shown to be involved in this
pathway using both gel contractility assay and Western blot
analysis. Furthermore, the role of TGF-B1 as a master regulator
in HSC activation was shown through promotion of LX-2 cell
migration and boosting of LX-2 cell proliferation.

Our results also showed the protective effect of irisin in HCS
activation and the associated processes. The addition of irisin
significantly reverses the transformation of HSCs from quiescent
HSCs to a-SMA expressing contractile myofibroblast evidenced
by reduced level of a-SMA and suppression of contractility.
Through these effects, irisin may positively influence vascular
distortion and vascular resistance; thereby reduce portal hyper-
tension which develops during liver injury. Irisin could amelio-
rate ECM production by HSCs by decreasing the expression of
TGF-B1-stimulated COL1A1, which in turn slows down the
growth of a scar at the site of injury. The accumulation of HSCs
through proliferation and migration, during activation with
TGF-B1, was also significantly inhibited by irisin. From these
results, it is obvious that irisin can reverse HCS activation; there-
by constituting a promising component of fibrosis regression.

Inflammation also fundamentally participates in the activa-
tion of resting HSCs, and in turn exacerbates the trans-differen-
tiation of HSCs into myofibroblasts [20]. Also, activated HSCs
themselves can produce a wide range of pro-inflammatory cyto-
kines and chemokines that may trigger the initiation of fibro-
genesis [21,22]. In our studies, recombinant irisin inhibited
TGF-B1-induced IL-6 secretion in the cell lysate and cell culture
medium of LX-2 cells. According to Robert et al. [23], IL-1P
was undetectable in the cell culture medium, and therefore we
assessed the level of this cytokine in the cell lysate and expres-
sion trend was similar to that of IL-6. These results enabled the
identification of an anti-inflammatory role of irisin in HSCs.

LPS, a component in the cell-wall of gram-negative bacteria,
is widely known as one of the strongest inflammatory simula-
tors which targets various types of cells including Kupffer cells
and HSCs in liver injury [24,25]. The anti-inflammatory effect
of irisin was reported in LPS-activated macrophages, where it
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decreases the level of inflammatory cytokines in the Toll-like
receptor 4/myeloid differentiation primary response 88-depen-
dent pathways [26]. Similar to these results, when LPS was
used as an inflammatory stimulator in our experiments, co-
treatment with irisin reduced the level of IL-6 and IL-1p in the
cell lysates and reduced IL-6 secretion into the medium. Irisin
was shown to clearly reverse the effect of LPS in the activation
and inflammatory response of HSCs.

Despite the inconsistency in reports concerning the concen-
tration of irisin in human serum or plasma (between 0.01 and
2,000 ng/mL), a number of studies have investigated the role of
irisin in metabolic diseases [27-29]. Irisin aids T2DM by en-
hancing the conversion of white adipose tissue to brown adipose
tissue, improving glucose uptake to the cell in heart and skeletal
muscles, increasing the metabolism of glucose and lipid, and
the function of pancreatic  cells [30-32]. Furthermore, irisin
may have a positive effect on inflammatory and de novo lipo-
genesis, which are contributing factors to the MAFLD patho-
genesis. A few studies have reported a negative correlation be-
tween the expression of FNDCS, the precursor of irisin, and tu-
mor necrosis factor-o (TNF-a), and a positive correlation with
anti-inflammatory factor, IL-10 [33]. The anti-inflammatory ef-
fect of irisin in palmitic acid-treated hepatocytes was evidenced
by the reduction in inflammatory cytokine and other inflamma-
tory mediators like TNF-a and IL-6. In another study, recombi-
nant irisin was shown to reduce palmitic acid-induced lipogene-
sis in AML12 cells and primary hepatocytes [34].

The biggest limitation of our study was using only in vitro ex-
periment to prove the role of irisin in liver fibrosis. In addition to
our study, some papers used animal models in their experiments
and gained some promising results. In the mouse model, it was
reported that HFD-induced liver fibrosis was exacerbated by
FNDCS deficiency and AMPK is molecular which is participat-
ed in the inhibition of HSCs activation by FNDCS5 [35]. Similar-
ly, irisin was proved to play a protective role against steatosis in
mouse hepatocytes which are treated by palmitic acid [31]. Ac-
cording to Peng et al. [16], administration of irisin (200 pg/kg/
day, intraperitoneal injection) for 4 weeks in mice-treated previ-
ously by folic acid improved kidney function and renal fibrosis,
signified by lowering serum creatinine levels and suppressed
expression of the fibrotic protein, respectively.

On the other hand, recent study showed that serum irisin lev-
els and hepatic irisin mRNA levels are positively associated
with liver damage in humans and irisin in concentration of 500
ng/mL (15.6 to 41.7 nM) induced increased expression of fibro-
genesis in activated HSCs [36] suggesting the question of irisin

www.e-enm.org 653




E n M Dong HN, et al.

as a protective myokine. This study showed pro-fibrogenic role
of irisin in hepatic fibrosis contrary to our protective role of iri-
sin in HSCs activation. We did not identify the reason of oppo-
site action of irisin but we suggested that irisin might be profi-
brogenic in low concentration [36] but anti-fibrogenic in high
concentration such as 100 nM. Regarding the positive associa-
tion of serum irisin levels and liver disease severity, the in-
creased irisin levels might be a compensatory response to liver
damage.

In the current study, we determined a protective role of irisin
based on in vitro experiments. Further studies are needed to un-
derstand the influence of irisin on a therapeutic scale. Moreover,
the molecular mechanism by which irisin attenuates TGF-p1-
induced HSC activation and other responses related to prolifera-
tion, migration, contractility, and inflammatory remain to be
clarified. Further investigations are needed to understand the
mechanism through which irisin affects different pathways both
in vitro and in vivo studies and to shed light on the regulatory
role of irisin in HSCs. A large clinical studies are necessary to
fully clarify the clinical association between serum irisin con-
centrations and various liver disease.

In conclusion, we found that irisin, a myokine produced by
skeletal muscles during exercise, can be a potential solution for
liver fibrosis by regulating HSC activation and inhibiting other
associated responses, including proliferation, contractility, mi-
gration and inflammation.
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